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,QWURGXFWLRQ
7KHVWXG\LQYHVWLJDWHVWKHDSSURSULDWHWHPSHUDWXUHDQGUHODWLYHKXPLGLW\LQRIILFHEXLOGLQJZLWKVKDGLQJGHYLFHV
XQGHUKRWDQGKXPLGZHDWKHURI0DOD\VLD ,W LV ORFDWHGQHDU WR WKHHTXDWRUZKLFK UHFHLYLQJVXQOLJKWKRXUVSHU
GD\7KHUHIRUHPRVWRI WKHRIILFHEXLOGLQJV LQ0DOD\VLDDUH IDFLQJSUREOHPRIKRZ WRSUHYHQW WKHGLUHFW VXQOLJKW
HVSHFLDOO\ IURPHDVWDQGZHVW+RZHYHUZLWK UDSLG WHFKQRORJ\DQGYDULRXV UHVHDUFKHV WKHDUFKLWHFWVRUGHVLJQHUV
DWWHPSW WR FUHDWH D GHYLFH WKDW FDQ DYRLGPRVW RI WKH VXQOLJKW LQWR WKH EXLOGLQJ7KLV GHYLFH LV FDOOHG DV VKDGLQJ
GHYLFH$ ORW RI VKDGLQJGHYLFHZDV LQYHQWHG VXFK DV YHUWLFDO VKDGLQJ KRUL]RQWDO VKDGLQJ HJJFUDWH VKDGLQJ DQG
YDULRXVPRWLYHDQGSDWWHUQVKDGLQJGHVLJQHGDFFRUGLQJWRGHVLJQHUV¶DQGFOLHQWSUHIHUHQFH7KHILUVWWKUHHVKDGLQJ
DUH VWDQGDUG VKDGLQJGHVLJQDQGZHUH DSSOLHG H[WHQVLYHO\ LQ0DOD\VLD&RQYHUVHO\ WKHVH VKDGLQJGHYLFHV DUHQRW
UHDOO\HIIHFWLYHLQUHGXFLQJWHPSHUDWXUHJDLQVDQGUHVXOWHGLQSURPLQHQWXVHLQWHUQDOEOLQGV7KHFRPPRQJXLGHOLQH
VXFK DV $6+5$( 6WDQGDUG  DQG ,62 6WDQGDUG  GR SURYLGH UHIHUHQFH RQ WKHUPDO FRPIRUW DQG RSWLPXP
WHPSHUDWXUHUDQJHIRUDQLQGRRUHQYLURQPHQW7URSLFDOFRXQWU\VXFKDV0DOD\VLDZLWKKRWDQGKXPLGFOLPDWHFRXOG
KDYHGLIIHUHQWWKHUPDOFRPIRUWDEOHUDQJH1HZHQHUJ\EXLOGLQJHIILFLHQWEXLOGLQJFRQFHSWVDQGWHFKQRORJLHVUHTXLUH
DUHYLVLRQRIFRPIRUWVWDQGDUGVWRFUHDWHDVXLWDEOHWKHUPDOFRQGLWLRQLQDYRLGLQJRFFXSDQWGLVVDWLVIDFWLRQDGYHUVH
HIIHFWRQWKHLUSURGXFWLYLW\DQGRYHUDOOEXLOGLQJSHUIRUPDQFH6KDKDURQDQG-DODOXGLQ5HIHUULQJWR$6+5$(
6WDQGDUG  WKHUPDO FRPIRUW FRQGLWLRQ LV DFKLHYHG ZKHQ  RU PRUH RI WKH RFFXSDQWV DUH VDWLVILHG ZLWK WKH
WHPSHUDWXUH0HDQZKLOH%ULWLVK6WDQGDUG%6(1,62,62GHILQHVWKHWHUPµ7KHUPDOFRPIRUW¶
DVµWKDWFRQGLWLRQRIPLQGZKLFKH[SUHVVHVVDWLVIDFWLRQZLWKWKHWKHUPDOHQYLURQPHQW
$VVXJJHVWHGE\6KDKDURQ
DQG-DODOXGLQWKHRSWLPXPFRPIRUWDEOHZRUNSODFHIRUWHPSHUDWXUHLVLQUDQJH&DQGUHODWLYHKXPLGLW\
EHWZHHQ PXVW EHPDLQWDLQHG LQ RIILFH URRP7KLV WKHUPDO FRQGLWLRQZDV LQ WKH DFFHSWDEOH UDQJH RI ,62
$FFRUGLQJ WR0DOD\VLDQ ,QGXVWU\&RGH RI 3UDFWLFH RQ ,QGRRU$LU4XDOLW\  WKH DFFHSWDEOH UDQJH IRU
VSHFLILFSK\VLFDOSDUDPHWHUVIRUDLUWHPSHUDWXUHLV&DQGUHODWLYHKXPLGLW\LV:DLVXJJHVWWKH
RIILFHVDUHWRVHWWKHDLUFRQGLWLRQLQJWHPSHUDWXUHQRORZHUWKDQ&DQGDSSURSULDWHUHODWLYHKXPLGLW\RI
 7KXV IXUWKHU LQYHVWLJDWLRQ UHTXLUHV GHWHUPLQLQJ WKH PRVWHIIHFWLYH VKDGLQJ GHYLFHV LQ DFKLHYLQJ VWDQGDUG
LQGRRUFRPIRUWOHYHOEDVHGRQWKHILHOGPHDVXUHPHQW
$LPVDQGREMHFWLYHV
7KHLQYHVWLJDWLRQDLPVWRILQGRXWWKHVKDGLQJGHYLFHVZKLFKZLOOEHWKHPRVWVXLWDEOHLQJLYLQJFRPIRUWOHYHOLQ
LQGRRUWHPSHUDWXUHHQYLURQPHQW,QRUGHUWRDFKLHYHWKHDLPVHYHUDOREMHFWLYHVZHUHGHVLJQHGVXFKDV)LUVWWR
HYDOXDWHWKHLQGRRUDLUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\LQWKHRIILFHEXLOGLQJ6HFRQGO\WRGHWHUPLQHWKHKLJKHVW
ORZHVWDQGDYHUDJHIRUERWKLQGRRUDLUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\LQWKHRIILFHEXLOGLQJZLWKWKUHHW\SHVRI
VKDGLQJGHYLFHV7KLUGO\WRPDWFKZLWKVWDQGDUGJXLGHOLQHRILQGRRUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\DQGILQDOO\
WRGLVFRYHUZKLFKVKDGLQJLVDSSURSULDWHWREHXVHGIRURIILFHEXLOGLQJ
0HWKRGRIGDWDFROOHFWLRQ
,QRUGHUWRLQYHVWLJDWHWKHLQGRRUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\LQRIILFHURRPZLWKYDULRXVVKDGLQJGHYLFHV
DVLPSOHILHOGPHDVXUHPHQWZDVFDUULHGRXWLQWKLVUHVHDUFK$W\SLFDORIILFHURRPZLWKVWDQGDUGPHDVXUHPHQWKDV
EHHQPHDVXUHG ZLWK VLPSOH LQYHVWLJDWLRQ GDWD ORJJHU $OO WKH WKUHH RIILFH URRP VHOHFWHG ZLWK GLIIHUHQW W\SHV RI
VKDGLQJGHYLFHVZDVORFDWHGDURXQG.ODQJ9DOOH\.XDOD/XPSXU7KHWHVWURRPGHVFULEHGDVFDVHVWXG\URRPIRU
RQHZHHNZKLFKVFKHGXOHG IURP)HEUXDU\ IURPSP WR)HEUXDU\ WRSP7KHUHDUH WZR
LQVWUXPHQWVRI+2%2GDWDORJJHUZDVVHWXSIRUHDFKURRPZLWKGLIIHUHQWW\SHVRIH[WHUQDOVKDGLQJGHYLFHV2QH
GDWD ORJJHUZDV ODLG DW WKHZDOO EHKLQG WKHZRUNHU VHDWLQJ DUHD DQG DQRWKHU GDWD ORJJHUZDV SODFHG DW WKHZDOO
RSSRVLWHWRWKHHPSOR\HHVHDWLQJDUHDLQRIILFHURRP7KHEODFNGRWLQ7DEOHEHORZLQGLFDWHVWKHORFDWLRQRIVHWWLQJ
SRLQWIRUWKHWZRLQVWUXPHQWV7KHURRPVDUHSURYLGHGZLWKRQHFKDLUDQGRQHWDEOHDWWKHFRUQHURIWKHURRPVZLWK
RFFXSDQWVDWFHUWDLQWLPH7KHURRPVDUHXVLQJVSOLWXQLWDLUFRQGLWLRQLQJV\VWHPZKHUHLWFDQEHHDVLO\WXUQRQ
DQGWXUQRIIZKHQLWLVQHFHVVDU\7KHVL]HVRIWKHURRPVDUHVWDQGDUGZLWKPDQGWKHURRPVDUHIDFLQJHDVW
7KHPHDVXUHPHQWWRROXVHGLQWKHILHOGPHDVXUHPHQWLV+2%2(87KHIORRUWRFHLOLQJKHLJKWRIWKH
PHDVXUHPHQW WHVW URRPDVVKRZQ LVP7KHSDUDPHWHUVDSSOLHG IRU WKHILHOG WHVWDUHDLU WHPSHUDWXUHDQGUHODWLYH
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KXPLGLW\ 7KHPHDVXUHPHQW UDQJH IRU+2%2(8 LQ WHPSHUDWXUH LV & WR & ) WR )
ZKLOHUHODWLYHKXPLGLW\VHQVLWLYLW\UDQJHGIURPWR7KHLQGRRUPHDVXUHPHQWZDVUHFRUGHGDXWRPDWLFDOO\DW
RQHKRXULQWHUYDOV7KHGDWDFROOHFWHGIURPWKHVL[LQVWUXPHQWVZHUHVXPPHGXS  

7DEOH7\SLFDOOD\RXWRIRIILFHURRPDQGVHWWLQJSRLQWRIWZRLQVWUXPHQWV
LQRIILFHURRP

2IILFH URRP
ZLWK YHUWLFDO
VKDGLQJ
2IILFH URRP
ZLWK
KRUL]RQWDO
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
2IILFH URRP
ZLWK
HJJFUDWH
VKDGLQJ

)LJ6HFWLRQRIDQRIILFHURRPLQPHWUHKHLJKW

3DUWLWLRQZDOO
6LQJOHJOD]LQJ
5HLQIRUFHG
&RQFUHWHIORRU
VODEV
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5HVXOWDQGDQDO\VLV
7KH H[SHULPHQW RI WKUHH VHOHFWHG VXQVKDGLQJ GHYLFHV YHUWLFDO KRUL]RQWDO DQG HJJFUDWH KDYH VXFFHVVIXOO\
FRQGXFWHGLQ)HEUXDU\ZKLFKLVGHFODUHGE\0DOD\VLDPHWHRURORJLFDOGDWDDV WKHKRWWHVWPRQWKLQ0DOD\VLD
WKURXJKRXWWKLV\HDU7KHLQGRRUDLUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\ZHUHVXPPDUL]HGLQ7DEOHDQG7DEOH7KH
ILHOGPHDVXUHPHQWUHVXOWVIURPWKUHHGLIIHUHQWW\SHVRIVKDGLQJGHYLFHZHUHFRPSDUHGDQGDQDO\VHG%DVHGRQ7DEOH
 WKHPD[LPXP LQGRRU DLU WHPSHUDWXUH DFKLHYHG EHWZHHQ WKUHH VKDGLQJ GHYLFHVZDV & 7KLV LV VKRZQ E\
RIILFH URRP ZLWK YHUWLFDO VKDGLQJ GHYLFHV 0HDQZKLOH WKH PLQLPXP LQGRRU DLU WHPSHUDWXUH DFKLHYHG IRU WKUHH
VKDGLQJGHYLFHVZDV UHFRUGHG DW &7KH DYHUDJH LQGRRU DLU WHPSHUDWXUHZDV UHFRUGHG LQ UDQJHRI&±
&$OWKRXJKWKHWHPSHUDWXUHGLIIHUHQFHLVRQO\&EHWZHHQDQRIILFHURRPZLWKYHUWLFDOVKDGLQJ&
DQG DQ RIILFH URRP ZLWK HJJFUDWH VKDGLQJ & LW LV FRQVLGHU VLJQLILFDQW WR $6+5$( ZKHUHDV &
WHPSHUDWXUHGLIIHUHQFHLVFRQVLGHUKLJKIRUEXLOGLQJ7KLVLVGXHWRWKHFRPSOH[LW\RIWKHVKDGLQJGHVLJQZKHUHWKH
HJJFUDWHGHVLJQFDQUHGXFHDQGFRQWUROWKHGD\OLJKWPRUHWKDQYHUWLFDOGHVLJQDQGKRUL]RQWDOGHVLJQUHVSHFWLYHO\
,QWKHRWKHUKDQGWKHUHODWLYHKXPLGLW\UHFRUGHGLQWKHILHOGPHDVXUHPHQWVDFKLHYHGWKHKLJKHVWUHODWLYHKXPLGLW\
DWDPRI)HEUXDU\RXWRIHLJKWGD\
VH[SHULPHQWGD\V$FFRUGLQJWRWKH7DEOHWKHUHODWLYHKXPLGLW\
SHUFHQWDJHDWWKHRIILFHURRPZLWKYHUWLFDOVKDGLQJGHYLFHWKHKLJKHVWPD[LPXPLVDUHFRQVLGHUHGYHU\KLJK
FRPSDUHGWRWKHUHODWLYHKXPLGLW\SHUFHQWDJHDWWKHRIILFHURRPZLWKKRUL]RQWDOVKDGLQJGHYLFHDQGWKHRIILFHURRP
ZLWKHJJFUDWHVKDGLQJGHYLFHZLWK7KLVLVEHFDXVHRIWKHSOXJORDGVXVDJHLQWKHRIILFHFRPSXWHUOLJKWLQJ
DLUFRQGLWLRQ IDQ ID[PDFKLQHDQGSKRWRFRS\PDFKLQHZKLFKSURGXFHKHDWSOXV WKHZRUNHUV WKDW UHOHDVHDV WKH
ERG\KHDW$VWKHUHODWLYHKXPLGLW\GHSHQGVXSRQWKHVDWXUDWLRQDQGWKHVDWXUDWLRQFDQRFFXUDWDQ\WHPSHUDWXUHWKH
YDULDWLRQRIUHODWLYHKXPLGLW\LVUHYHUVHGIURPWKDWRIWHPSHUDWXUH7KHUHIRUHLIWKHWHPSHUDWXUHULVHVWKHVDWXUDWLRQ
OHYHOULVHVZKLFKPHDQVWKHDLUFDQKROGPRUHDPRXQWRIZDWHUYDSRUOHDGLQJWROHVVSHUFHQWDJHRIZDWHUYDSRUDQG
KHQFHOHVVUHODWLYHKXPLGLW\YDOXH7KXVIRUWKHVDPHDPRXQWRIPRLVWXUHFRQWHQWWKHLQFUHDVHRIWHPSHUDWXUHOHDGV
WROHVVUHODWLYHKXPLGLW\YDOXH7KHPD[LPXPUHODWLYHKXPLGLW\ZLOOEHDWVXQULVHDQGPLQLPXPDWHDUO\DIWHUQRRQ
,W LV D IDFW WKDWPRUHKHDWPHDQVPRUH HYDSRUDWLRQEXW WKLV HYDSRUDWLRQ LV OLPLWHGE\ WKH VDWXUDWLRQ ,I VDWXUDWLRQ
RFFXUV WKHUH ZLOO EH QR PRUH HYDSRUDWLRQ DQG WKLV VDWXUDWLRQ GHSHQGV XSRQ WKH WHPSHUDWXUH 0RUHRYHU ZKHQ
FRQYHFWLRQLVWKHUHWKHPRLVWDLUULVHVDQGLVUHSODFHGE\GULHUDLUDERYHZKLFKZLOOKDYHOHVVKXPLGLW\DQGWKHUHIRUH
KXPLGLW\IDOOVZKHQWKHWHPSHUDWXUHLVPRUH)RUWKHPLQLPXPUDQJHRIUHODWLYHKXPLGLW\WKHILHOGH[SHULPHQWVGDWD
KDVUHFRUGHGIRUDOOW\SHVRIWKHVKDGLQJGHYLFHV

7DEOH6XPPDU\RILQGRRUDLUWHPSHUDWXUHLQRIILFHURRPZLWKWKUHHW\SHVRIVKDGLQJGHYLFHV

1R 6KDGLQJ 0LQLPXP $YHUDJH 0D[LPXP






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5+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
7KHDYHUDJHGDLO\IRUERWKLQGRRUDLUWHPSHUDWXUH)LJXUHDQGUHODWLYHKXPLGLW\)LJXUHVKRZWKDWWKHRIILFH
URRPZLWKYHUWLFDOVKDGLQJGHYLFHKDV WKHKLJKHVW WHPSHUDWXUHDQGORZHVWUHODWLYHKXPLGLW\ZKLOH WKHRIILFHURRP
ZLWKHJJFUDWHVKDGLQJGHYLFHKDVWKHORZHVWWHPSHUDWXUHDQGKLJKHVWUHODWLYHKXPLGLW\LQWKHEXLOGLQJ
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7DEOH7KUHHGLIIHUHQWW\SHVRIH[WHUQDOVKDGLQJGHYLFHVLQRIILFHEXLOGLQJ

6+$',1* 9(57,&$/
0$;,080
,1'225 $,5
7(03(5$785(
&
0,1,080
,1'225 $,5
7(03(5$785(
&
0$;,080 5+

0,1,080 5+

 
 
6+$',1* +25,=217$/
0$;,080
,1'225 $,5
7(03(5$785(
&
0,1,080
,1'225 $,5
7(03(5$785(
&
0$;,080 5+

0,1,080 5+




6+$',1* (**&5$7(
0$;,080
,1'225 $,5
7(03(5$785(
&
0,1,080
,1'225 $,5
7(03(5$785(
&
0$;,080 5+

0,1,080 5+




7DEOH&RPSDULVRQEHWZHHQILHOGPHDVXUHPHQWDQGVWDQGDUGJXLGHOLQH

1R 6KDGLQJ
$LU
WHPSHUDWXUH
LQUDQJH
5HODWLYHKXPLGLW\
LQUDQJH







9HUWLFDO
+RUL]RQWDO
(JJFUDWH
,QGRRUDLUTXDOLW\
$6+5$(


&
&
&
&
&






 
296   Nor Azah Arifi n and Zuraini Denan /  Procedia - Social and Behavioral Sciences  179 ( 2015 )  290 – 296 

5HIHUULQJ WR7DEOH WKHQHDUHVWYDOXHRIDLU WHPSHUDWXUHDQGUHODWLYHKXPLGLW\ WR WKH UHFRPPHQGHGVWDQGDUG
JXLGHOLQH LV WKH YDOXH SURGXFH IURP RIILFH EXLOGLQJ ZLWK HJJFUDWH VKDGLQJ GHYLFH 7KLV YDOXH LV FRQVLGHUHG
VLJQLILFDQWWRWKHUHFRPPHQGHG0DOD\VLDLQGRRUDLUTXDOLW\DOWKRXJKWKHPD[LPXPWHPSHUDWXUHGLIIHUHQFHLVDERXW
&7KLVLVGXHWRDEQRUPDORXWGRRUWHPSHUDWXUHLQ0DOD\VLDGXULQJWKLVILHOGPHDVXUHPHQWZDVWDNHQ7KHUHIRUH
WKHRIILFHURRPZLWKHJJFUDWHVKDGLQJGHYLFHLVEHWWHULQSURYLGLQJWKHUPDOFRPIRUWWRWKHEXLOGLQJRFFXSDQWV
&RQFOXVLRQ
*HQHUDOO\WKHRIILFHEXLOGLQJVDUHGHVLJQHGZLWKH[WHULRUVKDGLQJGHYLFHVDVDSDUWRIWKHDUFKLWHFWXUDOHQYHORSH
GHVLJQ1HYHUWKHOHVVWKHLQGRRUDLUWHPSHUDWXUHLVPHDVXUHGYHU\KLJKDWDOOVKDGLQJGHYLFHV7KHHJJFUDWHVKDGLQJ
GHYLFHLVFRQVLGHUHGWKHPRVWVXLWDEOHFRPSDUHGWRWKHYHUWLFDOVKDGLQJGHYLFHDQGKRUL]RQWDOVKDGLQJGHYLFH7KH
ILHOGPHDVXUHPHQWRI WKHDLU WHPSHUDWXUHVKRZV WKDW WKHKLJKHVWDYHUDJHGDLO\ WHPSHUDWXUH UHFRUGHGE\ WKHRIILFH
URRPZLWKYHUWLFDOVKDGLQJGHYLFH5HIHUULQJWR WKHDYHUDJHUHODWLYHKXPLGLW\SHUFHQWDJH WKHRIILFHEXLOGLQJZLWK
KRUL]RQWDO VKDGLQJGHYLFHKDV WKHKLJKHVW SHUFHQWDJHRQ WKH UHODWLYHKXPLGLW\ZLWK7KH LQFUHDVHRI UHODWLYH
KXPLGLW\ DQG GHFUHDVH RI WHPSHUDWXUH PDUNHG WKH V\PSWRPV RI KD]H DQG UDLQ\ GD\V $OO VKDGLQJ GHYLFHV¶
SHUIRUPDQFHV LQ LQGRRU DLU WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ DUH FRQVLGHUHG DFFHSWDEOH 7KH UHVHDUFK RXWFRPH
VKRZV WKDW WKH RIILFH EXLOGLQJZLWK HJJFUDWH VKDGLQJ GHYLFH LV WKHPRVW DSSURSULDWH WR EH DSSOLHG FRPSDUHG WR
RWKHUV DQG KDV WKH FORVHVW PDWFK WR WKH YDOXH RI LQGRRU DLU WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ EDVHG RQ WKH
UHFRPPHQGHGVWDQGDUGJXLGHOLQH
$FNQRZOHGJHPHQWV
7KH GHHSHVW JUDWLWXGH LV IRUZDUGHG WR WKH ,QWHUQDWLRQDO ,VODPLF 8QLYHUVLW\ 0DOD\VLD IRU WKH VXSSRUW 6SHFLDO
DSSUHFLDWLRQWRWKHEXLOGLQJRZQHUVZKRKDYHJHQHURXVO\FRRSHUDWHGDQGDVVLVWHGGXULQJWKHILHOGPHDVXUHPHQW
5HIHUHQFHV
0-..3Code of Practice on Indoor Air Quality.VW(GQ'HSDUWPHQWRI2FFXSDWLRQDO6DIHW\DQG+HDOWK3XWUDMD\D,6%1
,QGXVWU\&RGHRI3UDFWLFHRQ,QGRRU$LU4XDOLW\'HSDUWPHQWRI2FFXSDWLRQDO6DIHW\DQG+HDOWK0LQLVWU\RI+XPDQ5HVRXUFHV0DOD\VLD
$6+5$(Thermal Environmental Conditions for Human Occupancy.VW(GQ$PHULFDQ6RFLHW\RI+HDWLQJ86$SS
$6+5$(ASHRAE Handbook, Fundamentals.VW(GQ$6+5$($WODQWD*$,6%1
,62Moderate Thermal Environments—Determination of the PMV and PPD indices and specification of the conditions for thermal 
comfort.,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ
6KDKDURQ 0 1 DQG -DODOXGLQ -  7KHUPDO &RPIRUW $VVHVVPHQW$ 6WXG\ 7RZDUG :RUNHUV¶ 6DWLVIDFWLRQ LQ D /RZ (QHUJ\ 2IILFH
%XLOGLQJAmerican Journal of Applied Sciences. ,661
:DL&: UTM Researchers found the right temperature for office building. ZZZQHZVXWPP\XWPUHVHDUFKHUVIRXQGWKH
ULJKWWHPSHUDWXUHIRURIILFHEXLOGLQJV!$FFHVVHGRQ$XJXVW


